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Resumen: Dada la escasez de recursos, muchos investigadores abogan por enfocar los esfuerzos de conservación hacia áreas críticas, áreas geográficas con alto número de especies (i.e. riqueza) y/o alto número de especies endémicas, raras o amenazadas y/o con altos niveles de amenaza para la sobrevivencia de especies. El enfoque de área crítica es una manera simple y eficiente de conservar la diversidad de especies, suponiendo que las áreas no cambian en el espacio y tiempo. Para probar si las áreas críticas cambian en el tiempo y el espacio utilizamos una base de datos de especies amenazadas y en peligro enlistadas por el gobierno de Estados Unidos de 1967 a 1999. Determinamos áreas críticas basadas en el conjunto acumulativo de especies enlistadas en tres períodos de tiempo sobrepuestos y sucesivamente más largos
 : 1967-1979, 1967-1989 y 1967-1999 
. Utilizamos el análisis de complementariedad de áreas mínimas, que selecciona el conjunto más pequeño de áreas (condados) requeridas para representar a un conjunto determinado de especies. El número de especies amenazadas y en peligro se incrementó de 76 en 1967 a 1,123 en 1999. Mientras el número de especies se incrementó con el tiempo, las áreas críticas cambiaron de dos maneras: el número de áreas incrementó y el rango de áreas cambió. El número de áreas críticas incrementó de 84 en 1979 a 166 en 1989 y 217 en 1999. Solo 63 de estos condados fueron designados como áreas prioritarias en los tres períodos. Los cambios restantes resultaron de la adición o supresión de condados como áreas prioritarias. Se removieron condados de la lista o fueron cambiados de rango relativo de un período al siguiente independientemente de su rango. Los condados añadidos como áreas prioritarias podían ser clasificados en cualquier
Introduction
The continued expansion of human activities around the globe (Vitousek et al. 1997 ) places more and more species at risk of extinction (Ehrlich 1988) , thereby increasing the rate of biodiversity loss ( Wilson 1988) . A case in point is the number of threatened and endangered species listed in the United States, which has increased from 76 in 1967 to 1123 in 1999 ( Fig. 1; USFWS 1999 a ) . The large number of threatened and endangered species listed in 1999 illustrates a primary problem for conservationists around the world: how to conserve species given limited resources. One solution to this problem has been to assign conservation priority to hotspots. Originally coined by Myers (1988 Myers ( , 1990 ) over a decade ago, the term hotspots has come to mean geographical areas with high concentrations of species (i.e., richness), endemic species, rare or threatened species, and/ or high levels of threat to species survival (Myers 1988; Mittermeier et al. 1998; Reid 1998) .
Hotspot analysis has been performed for a variety of taxa at a number of spatial scales. For example, hotspot analysis has been used to identify geographic regions of high species richness by the U.S. GAP analysis program (Kiester et al. 1996) , to set priorities for endemic and rare bird conservation (Balmford & Long 1994) , and to define regions with the greatest numbers of threatened and endangered species (Dobson et al. 1997; Flather et al. 1998; Griffin 1999) . Although previous studies have expanded our knowledge and helped draw attention to geographic locations of concern, all have identified hotspots at only one point in time and have not consid-
Figure 1. Number of threatened and endangered species listed in each year according to classification as animals (black) and plants (gray), and the cumulative number of species listed per year (line). Numbers do not include the 18 species delisted since inception of the U.S. Engangered Species Preservation Act in 1967.
ered potential spatiotemporal changes in hotspot locations. Currently, no studies exist that have explicitly quantified shifts in location or changes in intensity of hotspots over time. Conservationists need to understand the potential spatiotemporal dynamics of hotspots before setting conservation priorities. The importance of spatiotemporal dynamics can be illustrated by this simple question: If new hotspots develop or are found, should allocation of limited resources be shifted from old locations to new locations?
To address the question of whether hotspots of threatened and endangered species change in space and time, we considered the distribution of species listed as threatened or endangered (hereafter referred to as listed species) by the U.S. government in the 50 United States. Our rationale in choosing to study listed species was two-fold. First, distribution data for listed species are known and available from the U.S. government. Second, listed species require the most immediate action to prevent extinction ( Wilcove et al. 1993) . In delineating which geographic areas are hotspots, we chose complimentarity analysis because it is an efficient method for finding the minimal area needed to represent a chosen group of species (Pressey et al. 1993; Csuti et al. 1997; Reid 1998) . We also chose complimentarity analysis for consistency with other studies that used the listed-species database (Dobson et al. 1997; Ando et al. 1998) .
The distribution of listed species, and consequently their hotspots, represents a combination of real changes in species endangerment and changes in the knowledge of endangerment. Over time, some species become endangered because of increased human effects, whereas others recover because of efforts to save them. Also, as knowledge accumulates, the status of some species changes: some are considered endangered or more endangered, whereas others are considered less endangered or not endangered at all. Attempting to identify and distinguish between real and perceived factors that cause change is beyond the scope of this paper.
Methods
We constructed a database of threatened and endangered species from the following sources: (1) the list of threatened and endangered species through October 1999 (USFWS 1999 a ), (2) the list of species removed from the endangered species list through October 1999 (USFWS 1999 b ), and (3) a database of listed and candidate species occurrence by county for the United States through August 1997 ( USEPA 1997). Although the Endangered Species Act was not passed until 1973, the first year of listing was 1967 under the Endangered Species Preservation Act (Flather et al. 1994) . We edited the county database to include only listed species in the continental United States, Alaska, or Hawaii. From the passage of the Endangered Species Protection Act to October of 1999, the U.S. federal government listed 1143 species as threatened or endangered whose range included all or part of the 48 continental United States, Alaska, and Hawaii (USFWS 1999 a ). Eight animal species had 2 or more populations listed separately for a total of 28 listed populations. Therefore, 1163 species and populations (i.e., separate listed units) were listed between 1967 and 1999 (1143 species ϩ 20 additional populations [28 distinct populations Ϫ 8 species] ϭ 1163 listed species and populations). During this period, 20 species and 1 of 2 listed populations of one species were delisted: 6 recovered, 7 went extinct, and 8 were removed because of scientific revision or new information (USFWS 1999 b ). Therefore, by October 1999 the total number of listed species was 1123 (1143 Ϫ 20), and the total number of listed species and populations was 1142 (1163 Ϫ 21).
Of the 1143 listed species, 65 did not occur in the county occurrence database (USEPA 1997): 23 were listed from 1967 to 1979, 2 were listed from 1980 to 1989, and 40 were listed from 1990 to 1999. Of the 65 missing species, 12 were delisted: 1 from 1967 to 1979, 8 from 1980 to 1989, and 3 from 1990 to 1999. Although county information was absent, presence/absence information at the state level was available for 53 species (USFWS 1999 a ). The missing species ranged throughout 36 states, the top six being Alabama (13), Florida (12), California (11), Georgia (8), and Texas and Washington (7 each). Fifty-nine species listed in the county occurrence database were not listed species ( USFWS 1999 a ). An additional 593 records in the county occurrence database were removed because they were duplicates (e.g., two common names for the same species), were geographically incorrect (e.g., hawksbill sea turtle [ Eretmochelys imbricata] in Worcester, Massachusetts), or contained conflicting information.
We determined hotspots that would represent all species listed by the end of three successively longer and overlapping time periods: 1967-1979, 1967-1989, and 1967-1999 . By considering overlapping time periods, we effectively reset the status of a county for each time period analyzed. Consequently, the status of a county at the end of one time period had no bearing on its status at the end of a subsequent time period.
We calculated the cumulative richness of listed species (number of listed species) for each county for the final year of each of the three time periods (i.e., 1979, 1989, and 1999 ) using geographic information systems (ArcView 3.1 and Arc/Info 7.2.1, Environmental Systems Resources Institute, Redlands, California). Seven animal species had two or more distinct populations listed; we counted those individually listed populations as distinct species in our analysis. If a species was delisted, we excluded it from the analysis beginning 1 year after it was officially removed from the list. For example, Rydberg's milk-vetch ( Astragalus perianus) , was listed in 1978 and delisted in 1989. Therefore, we removed it from consideration beginning in 1990, which means it was included in the hotspot analysis for the time periods 1967-1979 and 1967-1989 but excluded from the analysis for the time period 1967-1999. Therefore, the hotspot analysis for each period included all species listed from 1967 to the end of the time period in question (i.e., 1979, 1989, 1999) , minus any species delisted at least 1 year prior to the end of the time period. We mapped cumulative listed species richness in a U.S. county coverage that came with ArcView. We also calculated county areas from that U.S. coverage based on an Albers North American equal-area conic projection. Cumulative listed species richness served as the starting point for our hotspot analysis. 1967-1979, (b) 1967-1989, and (c) 1967-1999. We determined hotspots with an agglomerative, minimum-area complimentarity algorithm (Pressey et al. 1993; Dobson et al. 1997; Ando et al. 1998; Csuti et al. 1997 ) that identifies the minimum area, not necessarily contiguous, in which all species of interest are represented. The areas that make up the set are considered hotspots, typically because they harbor large numbers of endemic species (Pimm & Lawton 1998) . The algorithm used an iterative two-step process. First, the algorithm selected the county with the highest listed species richness. If two or more counties had the same richness of listed species, the algorithm designated the county with the smallest area as the hotspot. Second, the algorithm recalculated listed species richness by subtracting each species found in the current hotspot for all other counties in which it occurred. The algorithm then repeated steps 1 and 2 from the remaining set of counties until all listed species were represented by at least one county.
We prepared lists of counties that comprised the set of hotspots at each of the three times analyzed: 1979, 1989, and 1999. The complimentarity algorithm ranked each hotspot in order based on the number of unique species a hotspot represented. From those ranks we calculated the relative rank of each county (absolute county rank/number of total hotspots ϫ 100) and the relative change in rank (e.g., [relative rank in time 2] Ϫ [relative rank in time 1]). A positive relative rank change indicated a change from a lower rank to a higher rank (e.g., 34 to 6); a negative relative rank change indicated a change from a higher rank to a lower rank (e.g., 15 to 63).
We used nonparametric tests to determine whether counties differed in their status (retained, added, or removed) based on their ranks. We did this in two ways. Within time periods, we used Mann-Whitney U tests (Sokal & Rohlf 1981) to test the following null hypotheses: (1) absolute ranks of retained counties equal absolute ranks of removed counties, and (2) absolute ranks of retained counties equal absolute ranks of added counties. Between time periods, we used Wilcoxon's signed ranks test (Sokal & Rohlf 1981) to test the following null hypotheses: (1) relative ranks of retained counties in time 1 equal relative ranks of retained counties in time 2, and (2) relative ranks of constant hotspots in time 1 equal relative ranks of constant hotspots in time 2. We used relative county ranks for tests between time steps because the number of hotspots changed over time.
Results
Across the United States, listed species richness and the number of hotspots increased over time (Fig. 2) . The number of counties containing at least one listed species increased from 2620 in 1979 to 2849 in 1999 ( Table 1 ; Fig. 2) . By 1999 over 90% of the counties in the United States harbored at least one listed species. Concomitant with the increase in listed species richness was an increase in the number of hotspots required to represent them ( Table 1; Fig. 3 ). In 1979, 84 hotspots were needed to capture all listed species, whereas by 1989 and 1999, 166 and 217 were needed, respectively ( Table 1). Total hotspot area doubled from 1979 to 1999 but still represented only 14.4% of the total area of the United States by 1999. The complimentarity analysis identified 63 counties as "constant" hotspots, or counties that occurred as hotspots in each of the three time periods.
Hotspots changed over time in both location and intensity. The largest change in location stemmed from the addition of counties over time to accommodate more listed species ( Table 2; Fig. 3 ). Counties were also removed from the list of hotspots ( Table 2 ; Fig. 3 ). Furthermore, hotspots shifted in rank (Appendix 1). Some counties, particularly all counties in Hawaii and several counties in southern California, remained relatively "hot" over time. Hawaii, Hawaii was first, first, and fifth, respectively, in 1979, 1989, and 1999 . Conversely, the rank of many counties varied dramatically over time. For example, Cedar, Missouri, was not ranked as a hotspot in 1979, was ranked thirty-first out of 166 counties in 1989, and was unranked again in 1999 (Appendix 1). The largest positive change in relative rank was Highlands, Florida, which increased 98%, from not being a hotspot in 1979 to being ranked second in 1989. The largest negative change in relative rank was Hancock, Tennessee, which decreased by 97%, from fifth in 1989 to not being a hotspot in 1999.
From the results of the Wilcoxon's signed-ranks tests and the Mann-Whitney U tests, we failed to reject the null hypothesis that county ranks were the same regardless of status (retained, added, or removed) except in one case. For example, the ranks of the 12 counties removed as hotspots versus the ranks of the 72 counties retained as hotspots from 1979 to 1989 did not differ significantly. This indicates that hotspots of high and low ranks had the same likelihood of being removed. Similarly, the ranks of the 76 counties added as hotspots versus the 141 counties retained as hotspots from 1989 to 1999 did not differ significantly. The added counties were as likely as retained counties to be ranked high by the complimentarity analysis, but we did reject the null hypothesis that the ranks of counties retained as hotspots and the ranks of counties added as hotspots from 1979 to 1989 were the same. In this case, retained hotspots were ranked higher on average (mean relative rank ϭ 42.5) than added counties (mean relative rank ϭ 56.9). This suggests that counties retained from 1979 to 1989 were "hotter" than newly identified counties. Finally, the relative ranks of constant hotspots did not differ between 1979 and 1989 and between 1989 and 1999 ( Table 3) . 1967-1979, (b) 1967-1989, and (d) 1967-1999. 1979-1989 and (e) 1989-1999. 
Changes in hotspot locations showing counties added (black) and counties removed (gray): (c)
Discussion
Our study demonstrates that hotspots of listed species varied in the United States in two ways. First, the spatial arrangement of hotspots changed over time. Spatial change resulted mostly from the addition of counties to represent newly listed species, which increased three-fold from 1979 to 1999 ( Table 1 ; Fig. 1 ). Some counties, however, were also removed from the list of hotspots during each time period. Second, hotspots shifted in relative importance over time. This shift included the addition and removal of counties as well as shifts in rank among counties that remained on the list from one time period to the next. The addition of counties to accommodate increasing numbers of listed species was expected, but the variability in the ranks of hotspots, including the removal of some hotspots, was not expected. Ideally, hotspots should be relatively constant over time in both composition and importance. Otherwise, their usefulness as a tool for conservation diminishes.
Comparisons of the ranks of counties retained, added, and removed from the list of hotspots over time further suggest that a county's status as a hotspot varies over time. One might expect that most of the variability in hotspots, both county composition and rank, would occur within the lower ranks. Higher ranked counties, given higher listed species richness, should be less sensitive to the addition of newly listed species than lower ranked counties. Therefore additions, deletions, removals, and large changes in rank should be more likely among lower ranking counties. But no differences in absolute rank or relative rank were found among the sets of counties examined, except between the absolute rank of counties retained and counties added between 1979 and 1989 ( Table 3) .
The hotspot results would change if the 65 listed species not in the county occurrence database were included in the analysis, but the degree and direction of the change is uncertain. The listed species database included information on the states in which listed species ranged ( USFWS 1999 a ). Those states having more counties as hotspots also had the highest richness of species not in the county database, including Alabama, California, Florida, Georgia, Texas, and Washington. Spatiotemporal variability of hotspots could increase if the added species tended to occur in counties with lower species richness, thereby making them hotspots or increasing their ranks. Conversely, the spatiotemporal variability of hotspots could decrease if the added species tended to occur in counties with higher species richness, thereby increasing the probability that they will remain hotspots or retain higher rank. Thirty-nine of these species were listed between 1990 and 1999, and 12 were delisted by 1999; thus, the largest effect occurred from 1989 to 1999.
What practical implications do these findings have for future conservation of listed species in the United States or in other regions where more species will likely become endangered over time? Hotspots were conceived as an efficient tool with which to maximize conservation efforts given limited resources. But the set of counties comprising hotspots changed over time for listed species in the United States. Delineating hotspots at one point in time did not prevent the emergence of new hotspots and did not guarantee that existing hotspots remained hotspots or retained their relative importance over time (Fig. 3) . Conserving listed species requires making decisions that involve substantial resources, typically some form of active management (Foin et al., 1998) , and a long-term commitment to protect suitable habitat. Given the small population sizes of most species at the time of listing ( Wilcove et al. 1993) , waiting until all information about all species is available to develop the most efficient solution based on hotspots is not practical. Therefore, hotspots should be treated as a useful tool that calls attention to particular areas with chronic conservation problems (e.g., southern Florida) and/or high numbers of endemic species (e.g., Hawaii) and that can improve conservation efforts. But, given their spatiotemporal variability, hotspots should not be considered a final solution. 
